The particle size distribution specifies the number of particles per cm -3 per gm increment of particle radius, at a particle radius of r gm. Integrals of the size distribution over the volumes and areas of the particles yield the expressions A i = 4 • ri2 N i exp (2 si 2)
for the area density (gm 2 cm-3), and Vi = (4/3) • ri3 Ni exp (9 si2/2 )
for the volume density (gm 3 cm-3). These volume and area densities are of physical interest, since they are important quantities in calculations of heterogeneous chemistry (i.e., reaction rates which take place upon and inside sulfate aerosol particles). The calculations in this paper use equations of the form 1-6 to represent the size distributions measured by the Wyoming balloon-borne particle counters. Occasionally, the width of the primary mode made a dominant contribution to the size distribution at for example; 2 gm. (This situation is not desired, since the secondary mode parameters are in agreement with the particle densities for the large particle size ranges). For these cases, an exponential cutoff was used to decrease the primary mode contribution to a value less than that of the secondary mode, at radii typically greater than 0.5 gm. The exponential cutoff produced a smooth particle size distribution, and the distribution had a large particle tail which was determined by the secondary mode parameters. Such adjustments are in effect for the curve labeled "128 days" in Figure 1 . Figure 1 displays the particle size distributions at three representative times for pressures between 40 and 46 hPa (altitudes near 21 km). In Figure 1 , the curves labeled -23, 128, and 943 days denote the number of days from the eruption of Mt. Pinatubo and correspond to calendar dates of May 28, 1991, October 21, 1991, and January 10, 1994, respectively. For days 128 and 943, there are noticeable secondary particle modes (near 0.5 and 0.4 grn). It is apparent that there are more smaller particles before the eruption, and there is a significant increase of large particles after the eruption. As discussed by Deshler et al. [1993] , the secondary modes have integrated number densities roughly equal to the pre-eruption concentration of 0.15-gm particles at altitudes between 15 and 25 km, that is; the secondary modes probably arise from condensation and growth of the sulfuric acid vapor on the larger particles of the background aerosol. In the following paragraphs, the time evolution of the aerosol density, radii, distribution width, area and volume densities, and the infrared extinction, is interpreted in terms of the primary and secondary mode parameters. Changes in both sets of mode parameters increase the magnitude of the aerosol extinction, area and volume densities, following the volcanic eruption. To understand the quantitative origin of these enhancements, it is necessary to 'examine the changes in the size distribution parameters of both modes. 
Mie Calculations
Mie theory was used to model the wavelength dependence of the aerosol extinction, scattering, absorption, singlescattering albedo, and asymmetry parameter for each of the particle size distribution measurements. In the calculations it was assumed that the aerosol particles were composed of H2SO4/H20 in the liquid state. This assumption is 
Inputs to the calculations are the indices of refraction of the H2SO4/H20 droplets (discussed below), and the particle size distribution (given by (1) - (4)). An important quantity in radiative transfer calculations is the ratio of bsc a and bext, the single-scattering albedo (co, dimensionless). Particles with co equal to unity purely scatter light, while particles with co equal to zero purely absorb light. Another important quantity, the asymmetry factor, g, is given by the equation
- 1 The phase function P gives the angular distribution of scattered energy for the aerosol particle, where 0 is the angle between the incident beam and the scattered beam [Liou, 1980] . For 0=0 ø light is scattered in the forward direction, and for 0=180 ø light is scattered in the backward direction, so g is positive for a predominance of forward scattering, and g is negative for a predominance of backward scattering. The use of these parameters are discussed thoroughly in the radiative transfer literature [i.e., Liou, 1980; Hansen and Travis, 1974] . The aerosol extinction coefficient, bext, is a sensitive function of the particle radius. The integrand of (7) at 1600 cm -1, for the size distribution illustrated in Figure 1 for e.g., 128 days after the Mt. Pinatubo eruption, has a maximtun near 0.5 gm, corresponding to the secondary particle mode. Though the particle size distribution of the secondary mode in Figure  1 has a peak value a factor of 100 less than the primary mode peak value, the r 2 and Qext terms in (7) increase by factors of 39 and 5 as particle radii increase fi'om 0.08 to 0.5 grr[ Therefore, the infrared extinction is quite sensitive to the presence of large particles, represented in the size distribution by the particles in the secondary mode. On average, the primary mode contributes 65% to the bex t integral, and the secondary mode contributes 35% to bex t, for the 50 -25 hPa pressure range, fi'om 100 to 1000 days past the Pinatubo eruption.
When the integrand of (7) is divided by the particle volume, the ratio is nearly constant for most of the particle range. This allows one to approximate ( 
and V is the volume density (sum of V 1 + V2 from (6)). Equation (16) cm -1 range differ by roughly 6% (with the 220 K curve being larger in magnitude than the 300 K curve).
The imaginary index becomes very small for wavelengths less than 2.7 gm (wavenumbers greater than 3700 cm-1). At these shorter wavelengths, the particles do not absorb light, and the radiative transfer is that for pure scattering (the singlescattering albedo is unity). For middle infrared instruments, the single-scattering albedo is typically in the range of 1.0 x 10 -2 to 1.0 x 10-1 (discussed below in Figure 8b ). Therefore, visible light instruments (e.g., SAGE) observe H2SO 4 droplets which scatter light, and middle infrared instruments (e.g., the CLAES and ISAMS experiments) observe H2SO 4 droplets which primarily absorb light.
The present paper relies upon the Palmer and Williams [1975] and Remsberg et al. [1974] indices. Both data sets apply to room temperature conditions. The real indices are in agreement to the 2% level, while the Remsberg imaginary indices are 0 to 60% larger between 747 and 1400 cm-1. Using a particle size distribution at 47.5 hPa, at 128 days past the Mt. Pinatubo eruption, the Remsberg indices yield extinction values approximately 60% larger at 800 cm-1, and nearly the same at wavenumbers greater than 1400 cm-1 (see Figure 4) .
In In Figure 6d , the extinction calculations using the Wyoming data for the 100 to 10 hPa range were binned in terms of the weighted distribution average of the particle radius (see Figure 2b) , and normalized to unity at 0.525 grr[ The figure shows that for the scattering range of wavelengths between 0.525 and 2.7 gm (3700 to 19050 cm-•), the normalized extinction generally is not a montonic function of the average particle radius. For wavelengths in the absorption range (2.7-25 gm), the curves display a weak dependence of normalized extinction versus average particle radius.
The extinction curves in Figure 6a can be used to generate extinction spectra for other times and places. For example, using ISAMS, or CLAES observations at 1605 cm q, the observed extinction bex t at 1605 cm q can be used to generate 
Comparison with Observations
The accuracy of (7) Volume density vs extinction (at 1600 cm' 4) Table 7 presents scaling factors for the CLAES extinction data which rectifies these differences. When these factors are used to multiply CLAES version 7 extinction data, and the coefficients presented in Tables 4 and 5 
Conclusions and Applications of the Data
The work above discusses calculations which examine the time evolution of the infrared properties of the Mr. Pinatubo aerosol cloud for a range c•fwavelength (0 385 to 12 gm) and pressure (fi•om 100 to 10 hPa). The evolution of the particle size distribution parameters and the evolution of the infrared properties are examined concurrently. It is demonstrated that the particle size distribution parameters for the primary and secondary particle modes change after the eruption of Mt. Pinatubo, and that the infrared properties reflect these changes. The primary reason that the extinction is enhanced in the infrared (by a factor of 100 from pre-eruption values) is that (25) are approximate, it wm be useful to apply more refined techniques, such as those of Rodgers [ 1990] , to retrieve the area and volume densities.
